Background: Research on the impact of examined lymph node (ELN) count on node-negative esophageal cancer (EC) especially pT1N0M0 EC is inadequate. This study was designed to analyze the prognostic impact of ELN count on pT1N0M0 EC. Methods: Data of resected pT1N0M0 EC patients between 1988 and 2015 were extracted from the United States Surveillance, Epidemiology, and End Results (SEER) database. The association between ELN count and overall survival (OS) or esophageal cancer-specific survival (ECSS) were investigated. Factors that may predict the outcome were identified using the Kaplan-Meier method and the Cox proportional-hazards model. Results: A total of 906 patients who underwent resection with at least one lymph node (LN) retrieved met our criteria. The cumulative 5-year OS was 67.6%, while the cumulative 5-year ECSS was 75.4%. X-Tile analysis showed that 12 was the optimal cutoff value for ELN count in terms of both OS (χ2 = 28.764, P < 0.0001) and ECSS (χ2 = 15.668, P = 0.0026). A Kaplan-Meier survival analysis and log-rank comparison revealed that ELN > 12 was significantly associated with better OS (HR, 0.532; 95% CI, 0.421-0.672; P < 0.001) and ECSS (HR, 0.561; 95% CI, 0.420-0.749; P < 0.001) rates than ELN ≤12. The OS and ECSS benefit of increasing ELN count were also reflected in the multivariate analysis after adjustment for age, sex, race, marital status, location, T stage, tumor size, pathology, and differentiation. Conclusions: These findings indicated that greater number of ELN count exhibits prognostic significance in pT1N0M0 EC. We recommend more than 12 LNs should be examined in pT1N0M0 EC.
Introduction
Esophageal cancer (EC) ranks sixth among the causes of cancer related mortality globally, with approximately 508 585 deaths worldwide in 2018. 1 In recent years, multi-modality treatment dominated by surgery has improved the prognosis of patients to a certain degree. However, the overall prognosis remains poor with a 5-year survival rate estimated at 15% to 25%. 2 However, with recent advances in endoscopic surveillance and early detection, 3, 4 early-stage cancers (T1N0M0) are being diagnosed more frequently. In early-stage EC, lesions are limited to the mucosa (T1a) or submucosa (T1b), 5 and this diagnosis comprises approximately 20% of all initial diagnoses. 6 Prognosis for these patients is better and a 5-year overall survival (OS) rate of 90% has been reported in resected T1a patients.
Endoscopic therapy appears to be comparable with esophagectomy in terms of mid-and long-term EC-related mortality, 8 but several risk factors may preclude adequate treatment with endoscopic therapy. Endoscopic therapy could just be therapeutic when a lesion ≤2 cm in diameter is fully removed with clear lateral and deep margins and histopathologic assessment demonstrates well or moderate differentiation, invasion no deeper than the superficial submucosa, and no lymphovascular invasion (LVI). 9, 10 Esophagectomy should continue to remain the standard treatment in patients with T1N0M0 EC. 10 Surgery may not only resect the lesion and potential precancerous lesions to the maximum extent, but also dissect the potential metastatic lymph nodes (LN) to help accurate staging and improve the prognosis. In the past decade, many studies have examined the impact of examined lymph node (ELN) count on the survival of patients with cancer, and a higher number of ELNs is associated with a better prognosis. [11] [12] [13] [14] However, few studies have considered the relationship between the ELN count and survival in patients with pT1N0M0 EC. The minimum number of LNs requiring resection and its prognostic effect on the long-term survival of patients with pT1N0M0 EC remain undetermined. Hence, in this report, we performed a population-based retrospective analysis of the United States Surveillance, Epidemiology, and End Results (SEER) database to investigate whether the ELN count in resected pT1N0M0 EC patients acts as a prognostic factor for the OS and esophageal cancer-specific survival (ECSS).
Methods

Data source
The data used in this study were extracted from the SEER registry program of the National Cancer Institute. SEER is a population-based database of the National Cancer Institute on cancer incidence and survival. The populationbased cancer registries included 18 registries and covered approximately 28% of the US population and were analyzed using SEER*-Stat software. SEER database is freely available with patient anonymization, and approval from the institutional review board is therefore not required.
Study population
We identified all patients with primary EC localized to the upper, middle, and lower esophagus from 1988 to 2015. The primary site and morphology codes C15.0 and C15.3 were used to identify tumors localized to the upper third of the esophagus, C15.4 was used to identify the middle third of esophagus, and C15.2 and C15.5 were used to identify the lower third of the esophagus. All patients were microscopically confirmed. CS extension (2004 +) and EOD 10 extent (1988 EOD 10 extent ( -2003 were used to define the T stage of the cancer. We defined T1 stage EC as lesions involving the mucosa (T1a) or submucosa (T1b). EC was the only primary cancer and pathologic LN should be negative. Histologic codes 8140, 8144, 8210, 8211, 8255, 8260, 8263, 8310, 8480, and 8481 were used to define adenocarcinomas; codes 8052, 8070, 8071, 8072, 8074, and 8083 for squamous cell carcinomas; and all other remaining codes as other histology. Surgery codes 40, 50 and 60 were used for patients who underwent esophagectomy before 1997. For patients after 1998, surgery codes 30, 40, 50-55, and 80 were used. The surgical treatments included partial esophagectomy, total esophagectomy, esophagectomy with laryngectomy and/or gastrectomy, and esophagectomy NOS. Those patients who received neoadjuvant radiation were kept within the analysis; information on chemotherapy is not provided in the SEER data. Exclusion criteria were as follows: patients under the age of 18 at diagnosis; patients with missing or incomplete information regarding race, marital status, tumor location, differentiation, type of surgery, survival status and cause of death. Patients with follow-up status of less than one month were excluded from the study.
The following information was obtained for each patient from the SEER database: patient demographics (such as year of diagnosis, sex, age at diagnosis, race, and marital status); clinicopathological characteristics (involving primary site, tumor size, histologic type, differentiation, and T stage) and survival information (such as survival months, vital status and cancer-specific death).
ELN count was abstracted using SEER codes. ELN count is the total number of regional LNs that were removed and examined by the pathologist. Code 00 is determined as no LNs were examined. Codes 01 to 89 are considered as exact number of LNs examined. Code 90 is considered as 90 or more LNs were examined. Codes 95 to 98 included categories where the number of LNs was unknown or not stated in the pathology report or LNs removed were not documented as part of the surgical procedure were excluded in this study. Code 99 is considered as unknown whether the LNs were examined or not applicable or negative or not stated in the patient record and was also excluded in this study.
The outcomes of this study included OS and ECSS. OS was defined from the date of surgery to the date of death due to any cause. ECSS was defined as the number of months from date of surgery until death due to EC. Patients who died due to other causes or were still alive at the end of the study period were defined as censored. The last follow-up in this study was on 31 December 2015.
Statistical analysis
We used the Student's t-test 15 to compare the differences between continuous variables and χ 2 test 16 for categorical variables. The optimal cutoff values for the ELN count were determined using X-Tile software (http://www. tissuearray.org/rimmlab), and identified the cutoffs with minimum P values from log-rank χ 2 statistics in terms of survival. 17 The survival rate was calculated using the Kaplan-Meier method, and a log-rank test was used to assess the survival differences between groups. A Cox proportional-hazards model 18 was used for multivariate analysis. Statistical significance was assumed for a twotailed P-value of less than 0.05. All statistical analyses were performed using SPSS (version 22.0, SPSS Inc., Chicago, IL). Survival analysis and identification of the optimal cutoff value for ELN count in pT1N0M0 EC
Results
Patient characteristics and ELN count
The median follow-up period after surgical resection was 54 (range, 2-274) months. A total of 376 deaths were reported during the follow-up period, where 233 deaths were due to EC and 143 deaths due to other causes. The cumulative 5-year OS was 67.6%, while the cumulative 5-year ECSS was 75.4% (Fig 2) . X-Tile analysis showed that 12 was the optimal cutoff value for ELN count in patients with pT1N0M0 EC in terms of both OS (χ 2 = 28.764, P < 0.0001) and ECSS (χ 2 = 15.668, P = 0.0026), (Fig 3) . Table 2 compared the clinicopathological factors between EC patients in the ELN ≤12 and ELN > 12 groups, which implied they were comparable based on the possible confounding variables. A Kaplan-Meier survival analysis and log-rank comparison revealed that ELN > 12 was significantly associated with better OS (HR, 0.532; 95% CI, 0.421-0.672; P < 0.001) and ECSS (HR, 0.561; 95% CI, 0.420-0.749; P < 0.001) rates than ELN ≤12 (Fig 4) .
The OS and ECSS benefit of increasing ELN count were also reflected in the multivariate analysis after adjustment for age, sex, race, marital status, location, T stage, tumor size, pathology, and differentiation (Tables 3, 4 ). Other independent favorable prognostic factors identified both in the OS and ECSS multivariate analysis included younger age at diagnosis, tumor size ≤18 mm and well-differentiated histology. T stage was also an independent prognostic factor in the ECSS multivariate analysis. Using data extracted from the United States SEER database, we demonstrated that ELN count in resected pT1N0M0 EC patients was an independent prognostic factor for both OS and ECSS. Although we were not able to ascertain a threshold of mortality benefit, we recommended more than 12 LNs to be examined. Patients who received induction chemo/radiotherapy were also included in this study, thus the findings can be generalized to those treated with preoperative therapy.
Our findings are compatible with results from previous studies. 19, 20, 24 Rizk and colleagues 19 performed a retrospective review using data from the Worldwide Esophageal Cancer Collaboration database. Greater extent of lymphadenectomy was associated with increased survival for patients with pT1N0M0 EC and optimum lymphadenectomy was 10 to 12 nodes. Liu et al. 20 reviewed their experience of 666 patients who underwent esophagectomy and found that the number of resected LNs is an independent prognostic factor for the survival of node-negative esophageal squamous cell carcinoma (ESCC) patients. The minimum resection number recommended for accurate staging is 16. Yu and colleagues 24 retrospectively studied 194 pN0 ESCC patients who underwent radical esophagectomy. They reported that LN count exhibited prognostic significance in pN0 ESCC. In addition, the minimum number of LNs that should be removed in pN0 ESCC is probably 14.
However, a nationwide, population-based cohort study indicated that more extensive LN clearance during surgery for EC may not improve survival. The study included 1044 EC patients who had undergone esophagectomy between 1987 and 2010 in Sweden, with follow-up until 2012. Analyzed as a linear variable, a higher number of LNs removed did not influence the overall 5-year mortality (adjusted HR = 1.00, 95% 25 However, as an observational study, bias from confounding can never be excluded.
Although the mechanisms underlying the impact of ELN count on prognosis remain uncertain, there are several possible reasons for our finding that improved survival is related to higher ELN count in pT1N0M0 EC. Firstly, although we dissected enough LNs, the pathologists might not have examined all of the LNs from an en-bloc resected specimen which would lead to stage migration. Thompson and colleagues 26 identified 119 patients who had undergone surgical resection for EC between 1997 and 2007, and who were classified as node-negative. Relevant paraffin blocks were identified, and three additional levels, each 250 μm apart, were cut of all LNs. They reported that one patient was found to have a metastasis (>2 ), eight patients (6.7%) had micrometastasis, and 22 patients (18.5%) had isolated tumor cells. This indicated an effect of incomplete pathologic examination. Secondly, it is possible that a greater number of ELNs can be interpreted to be associated with lower risk of undiscovered positive lymph nodes, which meant that a better and more accurate staging. Nodenegative patients with a lower number of ELNs may in fact have had positive nodal involvement but were underdiagnosed because of inadequate LN staging, whereas nodenegative patients with more LNs examined were more likely to be truly free from nodal involvement. 23 Thirdly, the more extensive lymph nodes dissection may reflect the adequacy of surgical, pathological and institutional care provided by the treatment team. A previous study identified that high-volume hospitals had better late survival rates with EC resection than lower-volume ones. The current study had several limitations. Firstly, it was a retrospective study and hence some inherent biases were inevitable. Secondly, there is no standardized protocol for removing and counting lymph nodes across institutions. Therefore, the ELN count may vary with pathologic processing, and counts in some institutions may include only LN fragments, while others rely on complete LNs 28 . Thirdly, detailed information on patients' comorbidity, performance status, pulmonary function, the length of the tumor, type of esophagectomy (Sweet, Ivor Lewis or McKeown, open or minimally invasive), margin status and recurrence rates could not be obtained from the SEER database. Lastly, the ELN count is recorded in the SEER database, but the location of each lymph node retrieval is not. Thus, determining the location of LNs resected or sampled was not possible.
In conclusion, the results of this study suggested that ELN count is independently associated with long-time survival outcomes in resected pT1N0M0 EC patients. We recommend more than 12 LNs should be examined for accurate staging of operable pT1N0M0 EC. Because of the inherent limitations, further large-scale cohort studies are needed to validate our findings and to explore the potential mechanisms underlying the prognostic implications of ELN count.
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